A model is presented of the leptons, quarks and bosons as non-elementary particles being composed of spinons. They are defined as massless fermions obeying the Weyl equations, but in addition are charged and assumed to have two internal degrees of freedom (weak colour charges). The corresponding total Lagrangian density of the quantized fields has a fermionic part and a gauge-field part, which leads to the interaction of the charged spinons. They are bound together by the gauge fields of the non-Abelian SU(2) symmetry group, and three of them can combine to a triple state forming the well known first generation of left-and right-handed leptons and quarks, including their proper electric charges (fractional for the quarks). The neutral and charged vector bosons of the weak interactions or the Higgs bosons can be constructed as binaries of two spinons.
Introduction
In the standard model, the leptons and quarks come in three families or generations and are understood to be elementary and have no intrinsic structure, and unlike the hadrons and mesons are generally believed to be not composed of even smaller and more basic entities. But if leptons and quarks really were composites, what would be their building blocks? An early composition model for them was proposed by Shupe 1 , for example, and some of the basic properties of the constituents required to reproduce the known fermions were subsequently discussed in several other models 2,3,4 . Harari and Seiberg 5 developed their rishon model of composite fermions, and D'Souza and Kalman 6 reviewed the status as of 1992 in this field in their book on preons, standing for various assumed elementary particles that could make up the substructure of the fermions and bosons. This work summarized the state of affairs in the last decade of the past century. Since all these models were not supported by the growing experimental facts they did not prevail and lost attention.
Yet the famous unified electro-weak gauge field theory of Weinberg 7 , Salam 8 and Glashow 9 appears to be a curious merger of the weak and electromagnetic interactions in so far as it breaks the involved fermions into their left-and righthanded parts, in order to accommodate the symmetry-violating weak interactions between the particles involved. This theoretical and empirical need for splitting the electron and positron into two chiral components perhaps signals that these particles in fact could be composites. Obviously, the standard model based on the Dirac 10 equation complies very successfully with the known experimental facts and detailed observations. However, in this paper we will again explore the possible consequences of elementary particles being composites.
The new idea of the present work is to make at the outset use of the two independent Weyl 11 equations (instead of the Dirac equation), which both observe two basic symmetries of field theory, namely parity P and time inversion T , but individually break the charge or particle-antiparticle conjugation symmetry C. Their combined Lagrangians, which can be derived from the Dirac Lagrangian in chiral representation, reveals the full CPT invariance. It will be shown below that leptons and quarks can be constructed from three Weyl fermions which we call spinons, since as conceived here they differ fundamentally from the Weyl neutrinos of the standard model by having antiparticles and carrying an electromagnetic as well as novel weak-colour charge. These charges inseparably couple the spinons together by the forces of the associated U(1) and SU(2) gauge fields, according to the theory by Yang and Mills 12 , who built upon the idea of isospin that was originally introduced by Heisenberg 13 to describe the nuclear forces between protons and neutrons.
The second section provides a review of the Weyl equations and their Lorentz transformation properties, and of the Weyl quantum field and Lagrangian. The third section presents a new heuristic model and charge formulae for the composite fermions and bosons. The fourth section describes the new theory for spinon dynamics in terms of gauge-field theory, and the last section gives our conclusions. The standard model and the corresponding theories and mathematics are described in any modern text book, e.g., the one of Kaku 14 to which we will refer to here for notations and definitions conventionally used in quantum field theory. 
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Instead of using the standard form, we employ here the chiral 14 representation in which all four gamma matrices are of similar cross-diagonal shape and can concisely be written as γ µ = (γ 0 σ 0 , γσ), with σ 0 being the 2 × 2 unit matrix denoted also as 1, and the three Pauli 15 matrices attain their standard form and build the vector σ. The other two matrices are defined as
obey γ 2 0 = 1 and γ 2 = −1, and anticommute, i.e., γ 0 γ + γγ 0 = 0. For further use, we introduce the two four-vector forms of the Pauli matrices, which we will refer to as Weyl matrices in what follows, σ µ ± = (σ 0 , ±σ). By their help we can rewrite Dirac's equation as follows:
Obviously, the Dirac spinor can be decomposed into two Pauli spinors such that
, and therefore we obtain the two independent Weyl 11 equations in the more conventional form as
Without recourse to the Dirac equation, the equation (4) can simply be derived from the fact that the squared four-momentum operator is covariant. When exploiting the property of the Pauli matrices that (σ · p) 2 = p 2 , the square of p µ can be decomposed into the form (σ µ + p µ )(σ µ − p µ ), and thus when operating on the wave function of a massless particle the Pauli-spinor representation for the two Weyl neutrinos as given in (4) is obtained. It is worth mentioning that by means of the Pauli matrices the metric of special relativity can be decomposed in a fully symmetric way with respect to the ± indices as follows:
This reflects chiral symmetry and appears to be the two-component spinorial decomposition of g µν . So, spin in terms of Pauli spinors can for massless particles be introduced through
, which yields the product of the two Weyl operators, and therefore the spin is not an outcome of the Dirac equation, but simply related to the spinor representation of the rotation group.
The Weyl equations (4) appear to be the simplest possible covariant wave equations for a massless fermion. They are invariant under the parity, P, and timereversal, T , transformations that are derived below, but not under the operation C that is defined as C = iσ y C, with the complex conjugation operator named as C. The symmetry operation of iσ y C on the spin vector σ leads to its inversion, i.e. −σ. Therefore, if φ + solves (4) with the plus sign, then Cφ + solves it with the minus sign, and vice versa. As a consequence, the Weyl equations break charge-conjugation symmetry C.
Weyl Lagrangian and irreducible representations of the Lorentz group
In this second subsection we derive the Weyl Lagrangian and then show the connections between the spinorial generators of the Lorentz group. The Lagrangian of the Dirac equation
By introducing the idempotent projection operators P ± = (1 ± δ)/2 with P 2 ± = P ± and P ∓ · P ± = 0, we can decompose the Lagrangian L D into its two Weyl components. For this purpose we define the diagonal matrix
which obeys δ 2 = 1 and anticommutes with γ and γ 0 . Upon insertion of the unit operator, 1 = P + + P − , into L D between the differential operator and the wave functions, and by exploiting the properties of the projection operators and using that P ± γ 0 γP ∓ = 0, we obtain the decomposition into two Weyl Lagrangian densities as follows:
The corresponding Weyl action is given by a four-dimensional integration of the Lagrangian density (7) over whole space and between an initial and final time. Minimizing this action 14 by variation with the respect to the field variables φ ± returns the Weyl equations (4). The Lorentz group generators of its four-component spinor representation are known to be determined by the commutator σ µν = i 2 [γ µ , γ ν ], which can easily be evaluated in the chiral representation of the gamma matrices as given below. The resulting tensor elements are 4 × 4 matrices obtained by multiplying the matrix elements of δ by the Pauli matrices treated as c-numbers. We also recall that [σ x , σ y ] = 2i σ z , where indices can be permuted in a cyclic way. Using the angular tensor 14 ω µν for a Lorentz transformation Λ(α, β), this transformation may in the Dirac spinor representation then be written as:
The diagonal matrix δ of course commutes with the unit matrix 1. For a diagonal matrix the exponential of the matrix transforms into a matrix with the exponentials in the diagonal. As a consequence, the Lorentz transformation (8) can be reduced to the diagonal form
where the first term in the exponential corresponds to pure spatial rotations, an expression well known from the transformation of a Pauli spinor under the rotation group, and the second term to the proper Lorentz boost. Here we have used the
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fact that [(σ · (iβ ± α), (σ · (iβ ± α)] = 0, and therefore such scalar products of the Pauli matrices with angular vectors can be treated as c-numbers. The inverse of S(Λ), being a diagonal matrix, is obtained by using the inverse of the elements in the diagonal in (9), for which the obvious relations S −1 ± = S † ∓ must be exploited. Thus we obtain the important result that the Weyl fields transform (with the four vector x µ = (t, x) being abbreviated as x) as expected in the following way:
which corresponds to the two irreducible representations D (1/2,0) and D (0,1/2) of the Lorentz group 14 . Correspondingly, the covariance requirement for the Dirac equation (1) under the Lorentz group (with the standard transformation tensor Λ µ ν ), which is usually written as
translates into a similar requirement for the two Weyl matrices and leads to
As a consequence, neither the Dirac matrices γ µ nor the Weyl matrices σ (11) in (7) the Lagrangian L W can thus be shown to be covariant. The operators related to the basic discrete symmetries like parity and time-reversal are obtained by inserting their Lorentz transformation matrix Λ in the middle of (11) . We find that S P ± (Λ) = iσ y C and parity P = iσ y C P,
where the operators P and T correspond to the inversion of the space and time coordinates. The transformation laws for the Weyl spinor fields in (10) and the matrices in (11), respectively (12) and (13), are the main new results of this section.
The two dynamic equations for the Weyl fields (4) and their Lagrangian densities (7) have been discussed in close connection with the Dirac equation in its chiral form, however, as we have shown, they can be derived independently, just by imposing the Lorentz invariance requirement, and thus deserve to be considered in their own right with all physical consequences. This will be done in the subsequent sections.
Quantization of the Weyl fields
The Weyl equations (4) describe massless fermions propagating at the speed of light. In the subsequent section we will first calculate in detail the eigenfunctions and eigenvalues of the free particles and then consider explicitly the quantization of the field following standard procedures 14 . Note that the Weyl fields φ ± have assigned to them a fixed chirality, and as we will see below the + refers to the right-, respectively, the − sign to the left-handed solution. Since the particles travel at the speed of light their chirality can not be changed by a Lorentz transformation. For the solution of (4), we make a plane wave ansatz with the polarization spinor u ± as follows:
The resulting eigenvalue equation is (E ∓ σ · p)u ± (p) = 0, or when written out explicitly in matrix form:
Nontrivial solutions are obtained for a vanishing determinant, which yields for both solutions the eigenvalue pair E 1,2 = ± p 2 , or if we introduce proper units again for a moment, the relativistic energy momentum relation E 1,2 = ±cp. The negative eigenvalue cannot be neglected here, since it is related to antiparticles as is shown below. The two eigenvectors depend only on the unit vectorp and are given by
Note that the half angles of θ and φ appear in (15) . The eigenvectors for the samê p are orthogonal to each other and normalized to a module of unity, and they obey the relation u ± (−p) = u ∓ (p). This is a consequence of the eigenvalue equation (14) , which implies that u ± (p) is also an eigenvector of the helicity operator σ ·p, with the simple eigenvalue ±, corresponding to a right-and left-handed screw with respect to the momentum direction. This helicity is permanently assigned to the two solutions, i.e., chirality and helicity is the same for the free Weyl fields. Their Fourier decomposition (we omit the sign index here) can be written as:
(16) We recall that E 1,2 = ±p and replace in the second term the momentum sum over p by the equivalent sum over −p. We further redefine for the plus field the first amplitude as a 1 (p) = a(p) and the second one as a 2 (−p) = b * (p), and similarly we introduce the notation c(p) and d * (p) for the minus field amplitudes. Because the following relation holds for the eigenspinor, (u ± ) 1 (p) = (u ∓ ) 2 (p), the Weyl fields can concisely be expressed as
For classical fields one would have for the amplitudes b * = a * and d * = c * . The transformation of the field (17) from a classical to a quantum field 14 is achieved by the standard procedure that the amplitudes are now perceived as operators which annihilate (a and c) particles or create (b † and d † ) antiparticles of positive, respectively negative helicity, and with a chirality of plus or minus one. According to (15) we have u † ± (p)u ± (p) = 1 and u † ∓ (p)u ± (p) = 0, relations that must be used when evaluating the total momentum four-vector. It is the expectation value of the
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operator i∂ µ and obtained by an integration over the space:
By inserting (17) into (18), and with p µ = (p, p), we obtain for the plus field:
and the analogous result for the minus field, yet with a being replaced by c and b by d. The notorious problem that the total energy P 0 can be negative can be remedied by demanding anticommutation relations for the operators since they describe fermions. Thus with a
, and similarly for the other operators, the total energy becomes positive (by dropping the infinite zero point energy, which is equivalent to normal ordering of the operators 14 ), and thus the four momentum becomes finite. The four-vector number current density
is conserved, i.e., ∂ µ j µ ± = 0, as the fields obey the Weyl equations (4). The total particle flux reads
When evaluating these integrals, we make use of the vector relationp = ± u † ± σu ± . We will quote below the operators of the plus field only. The total charge operator
becomes reasonable when using the anticommutation rules and dropping an infinite total charge, which again is equivalent to normal ordering of the operators involved. The number density operators, which can take on the eigenvalues 1 and 0, are defined as usually by
We introduce the normalized four-vector momentum asp µ = (1,p), and thus can finally write the total momentum and current opertors of the plus field (similar expressions are obtained for the minus field) as follows:
Apparently, J 0 can be negative, and for a consistent interpretation this suggests that a Weyl fermion carries charge, and that its current density relates to its charge conservation, where by construction particles (a) and antiparticles (b) have opposite charges. Given the standard interpretation of the quantized Dirac field 14 , this interpretation of the quantized Weyl fields as describing massless charged fermions seems cogent, facing the similar mathematical formalism. To discriminate them from the Weyl neutrinos as established in the literature, we call these particles spinons from now on.
In summary, the two Weyl equations (4) have been quantized using canonical procedures and were interpreted as corresponding to spinons, i.e., charged fermions which come as particles and antiparticles of opposite charges and have assigned to them a fixed helicity (left-(L) or right-handed (R) screw) or chirality related with the minus and plus sign of the Weyl equations, which originated from the two different irreducible representations of the Lorentz group. Each Weyl equation translates into a quantum field theory that is capable of describing multi-particle states, which shall be explored in the subsequent section. The dynamic coupling between the spinons is achieved by introducing appropriate gauge fields connected to their charges, a theme that is discussed later.
A schematic model of leptons, quarks and bosons
In this section, we construct product states of spinons as elementary massless excitations of the Weyl fields, by using a novel scheme which naturally leads to the leptons, quarks and bosons. Spinons have in addition to their translational degrees of freedom the property of handedness and charge. According to the equations (23), the number operators commute with total momentum and current opertors, and thus the number N R of right-or N L left-handed spinons is conserved. We denote in the following their states as R ± and L ± , where the plus-minus subscript indicates the sign of the charge.
If we would just assume an Abelian gauge field like in electromagnetism, the only possible binary bound state could be a neutral spin-one boson involving a spinon pair of a particle and an antiparticle with the four spin states:
and L + L − , encompassing a singlet and a triplet. The corresponding uncharged boson, here called H, may be related to the Higgs boson. Spin 1/2 states with charge ± are also allowed, yet no uncharged neutrino-like triple states involving three spinons would be possible. States with spin 3/2 are not permitted since they require occupying a quantum number twice and thus violate the Pauli principle.
Therefore, to obtain nontrivial multiparticle states, in particular composite fermions, an additional internal degree of freedom is now postulated, which is related to the SU(2) isospin symmetry like in the weak interactions. To comply with the spin-statistics theorem, a weak colour charge has to be assumed. Only this will enable one to construct multiple bound states of three spinons. The procedure applied here is similar to that used in the early quark model of Gell-Mann 16 , which was invented to describe the hadrons as being composed of three quarks with different colour. As a consequence, the charged spinons are from now on assumed to have six intrinsic traits corresponding to the six spatial orientations, namely ahead and behind, i.e., particles and antiparticles, left and right, and up and down, associated with two isospin orientations.
In order to construct fermions, we need to combine three spinons, two of the same
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kind and one of the other to obtain a net spin of 1/2. We again indicate the charge (particle or antiparticle) by a plus or minus sign as a subscript. Then eight spinon configurations are possible,
, which all require opposite isospin in the pairs of equal charge and chirality. The SU(2) generators are τ x , τ y , τ z , which can be chosen similar to the Pauli matrices. The eigenvalues of the diagonal matrix τ z are N Z = +1 and N Z = −1, and thus the total charge (in units of the elementary charge e 0 ) of a triple state can be expressed by the formula:
The division by three in the second term reflects that the composite fermion contains three spinons. N Z appears, because the gauge field carries charge as well. The spinon charge numbers N R,L can be positive and negative for particles, respectively antiparticles according to (23) . The formula (24) is reminiscent of the Gell-MannNishijima 17,18 formula for the hadron charge. Considering all possible assignments of the quantum numbers, we obtain, consistent with the Pauli principle, the comprehensive Table 1 . Table 1 contains sixteen fermions with their quantum numbers and charges. It reproduces the left-and right-handed parts of all four particles and antiparticles of the first generation of leptons and quarks, which owe their fractional charges to being product states made of three spinons. We will not discuss here what binds these states together, but just construct possible states. The assignments are not meant to claim that these states are identical with the physical particles as measured, but that with their properties in terms of quantum numbers they do resemble them. The electron and neutrino come as an isopin doublet and similarly the up and down quark and their antiparticles, a characteristic which is an essential ingredient of the unified electro-weak theory 7 . Altogether, we may consider both groups of particles
in the two columns as a charge octets. Note that there are left-handed and righthanded neutrino-type states, which in fact are needed to produce a real neutrino if it has nonzero mass, for which there is mounting experimental evidence 19 . Similarly, we now consider the states consisting of two spinons, which leads to charged bosons of spin zero and one. There are six possible binary combinations involving only pairs of particles or pairs of antiparticles:
, and L − L − , four of which require opposite isospins. The corresponding charges Q can be derived from the formula:
Considering again all possible assignments of the quantum numbers, we obtain Table 2 which summarizes the properties of the resulting two-spinon states. The last column also indicates the spin of these bosons. As a binary of two spinons, each boson encompasses a singlet and triplet state. We thus obtain two charged and two neutral spin 1 bosons. These may be related to the gauge bosons W ± and Z 0 and the Higgs bosons of the unified electro-weak gauge theory.
It is clear that the linearity of the Weyl equations will permit superposition of all these states and thus lead to mixing. In particular a massive Dirac particle like the physical electron would require a linear combination of the states e Table 1 . Concerning the physical neutrino, if it was really massless, one could in fact construct purely left-handed or right-handed states from adding ν eL andν eL , respectively ν eR and ν eR , which apparently would be their own antiparticles, like it is assumed in the electro-weak gauge theory of the standard model. A plausible explanation of the basic equations (24) and (25) is presented in the subsequent section.
Gauge field theory and spinon dynamics
The last theme of this paper addresses the question of spinon dynamics. Let us first consider an Abelian gauge field A 0µ (x) like in electrodynamics. Conventionally 14 , this is introduced into the particle field equation by replacing, according to the minimal coupling principle, the time-space derivative ∂ µ by the covariant derivative D µ = ∂ µ + ieA 0µ (x), which ensures invariance of the Weyl action density (7) under a local phase transformation of the kind: φ ± → exp[ieλ 0 (x)]φ ± , where λ 0 (x) is a function of space-time and e the coupling constant (charge). The corresponding Lagrangian of the spinons linked to the gauge field needs to be complemented by the Lagrangian of the field itself, and then this total action density reads:
The second term is the gauge field energy density involving the field tensor given by the antisymmetric derivative of the vector potential:
The dynamic Weyl equations including the electromagnetic field thus read
As we discussed in the previous section, this kind of electromagnetic coupling would not allow us to construct triple states of spinons, but merely binaries corresponding to uncharged bosons. Therefore, we shall now consider, like in the weak interactions, the SU(2) gauge group and make use of its generators τ x , τ y , τ z , which obey the angular momentum commutation rule, τ × τ = 2i τ , defining the associated Lie algebra. Corresponding to these three generators (which can again be represented by the Pauli matrices) of this group, we have to invoke three gauge fields A jµ (with j = x, y, z) which can be combined in vector notation, A µ = (A x µ , A y µ , A z µ ), to a spatial three-vector. The field canonically is coupled to the particles through the covariant derivative
where the coupling constant g (weak colour charge) has been introduced. As is well known the non-commuting matrix nature of the vector components of τ yields nonlinear terms in the field equation, when the variation of the Yang-Mills 12 action of the gauge field is calculated. Formally similar to the electromagnetic term in (26), the Lagrangian of the SU(2) gauge field 14,20 is given by
where the antisymmetric field tensor is
The spinon field equations including the gauge field dynamics thus read
We recall that ψ ± (x) denotes here a two-component isospinor of the SU(2) group, with ψ † (27) and (31) suggest to consider the electromagnetic vector potential A 0µ as the time-like component of a four-vector that has space-like components given by the vector A µ , with its three components being the three four-vector SU(2) gauge fields. If we introduce the unit matrix τ 0 = 1 then the only but important reason hindering us to combine these terms is that the coupling constants g and e can be different. A merging of the two interaction terms in (27) and (31) requires that g = 2e. This is suggestive by formal reasons, but it is also supported strongly by the notion that in the Weinberg-Salam model the coupling constants are related by the Weinberg angle (which is measured 19 to be sin W θ = 0.47). Since e = g sin W θ, the empirically determined ratio g/e is close to 2. Let us therefore assume now that this relation, which is also underlying (24) and (25), strictly holds.
Note that the three SU(2) generators form a Lie algebra but not a group. If we add the unit element (in matrix representation τ 0 ) the four matrices mathematically speaking form a group. Then we can formally rewrite the combined general SU (2) and U(1) transformations in the following way:
where we have introduced the scalar symbol λ(x) = 1 2 (τ 0 λ 0 (x) + τ · λ(x)), with four phase functions. The local rotation in isospace or local phase change of the isospinor ψ is defined by the transformation ψ ′ (x) = T (x)ψ(x). We combine the electromagnetic, A 0µ , field with the weak-colour-charge gauge fields, A µ , and define
The weak-colour-charge gauge-field tensor is given by the commutator of the covariant derivatives igG µν = [D µ , D ν ], which leads to the result
The requirement that the covariant derivative defined in (33) transforms like the isospinor field itself,
leads to the following transformation of the gauge field:
To derive this we used the properties [τ 0 , τ ] = 0 and that τ ·λ commutes with itself, and consequently that T −1 = T † . For a pure electromagnetic field, i.e., λ = 0, we recover the standard gauge transformation of the vector potential as A ′ 0µ (x) = A 0µ (x) − ∂ µ λ 0 (x). For pure weak-colour-charge interaction governed by the SU(2) symmetry, i.e., for λ 0 = 0, the transformation (36) is less trivial since T and τ do
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not commute with each other. The total gauge field tensor can, by use of (30), also be written as
The Lagrange density of the combined fields is then given by
Note that the traces of the τ 0 τ matrices vanish, and therefore the mixing terms between the fields in (37) are zero, so that L G = L A0 +L A , i.e. the field Lagrangians simply add up. For completeness we quote again the Lagrangian of the two free spinon fields,
Next we define the interaction term, which introduces the spinon couplings to the electromagnetic and weak-colour-charge gauge fields, by means of the total spinon current density and by a comparison with (31) and (27), where φ ± must now be replaced by ψ ± . It can be written as
with the two charge current densities being defined as
The set of equations (38-42) entirely defines the total Lagrangian, L = L S + L I + L A0 + L A , and governs the dynamics of the spinons and the weak-colour-charge gauge fields, to which these relativistic particles are linked through their weak colour charge g and related isospin degree of freedom. Variation of the action four-integral over L with respect to the relevant field variables finally yields the coupled field equations:
The left-hand sides of (43-44) are linear in the fields, and the right ones quadratic, whereas the left hand side of (45) contains a term quadratic in the gauge field, a property which leads to nonlinear interaction of the gauge field with itself, like for gluons in QCD. However, the theory still is quasilinear in the following sense. Consider just one of the three components of the field, e.g., assume that A µ = (A x µ , 0, 0). Then by the nature of the cross product (originating from the properties of the τ -algebra) the nonlinearities in (30) and (45) vanish completely, and this reduced SU(2) gauge field theory resembles electrodynamics, with the essential remaining difference stemming from the currents in (42), which for each τ matrix leads to different combinations of the spinon fields. Similarly, each τ yields a different type of coupling in (43).
Recalling to mind the results of the previous section, one may speculate about whether the three possible options may be related to the three generations or families of the leptons and quarks, which is to say that the origin of the three generations may have to do with the fact that the SU(2) group has three generators. In addition, there is a "zeroth" generation that would be associated with the Abelian electromagnetic gauge field and mainly lead to uncharged bosons. In summary, we have developed a gauge field theory of the massless spinons, which is described by the coupled nonlinear equations (43-45). Note that there is no natural mass scale in that set, and thus mass will have to emerge from these equations as the result of their solutions. This mass or energy may partly originate from the kinetic energy of the confined spinons, but presumably will be mostly associated with pure gauge-field energy.
Discussion and conclusion
We presented a new model of the leptons, quarks and bosons as non-elementary, but composite particles consisting of spinons glued together by the gauge field associated with the weak-colour charge. Spinons are defined as charged fermions obeying the Weyl equations and assumed to have two new internal degrees of freedom related to the SU(2) weak-coulour-charge gauge group. The neutral or charged vector bosons can be constructed of two spinons with opposite handedness, whereas the leptons and quarks are construed as triple states of three spinons. One may speculate if the three generations of leptons and quarks could stem from, or are connected with, the three gauge fields of SU (2) . The observed particles are massive. In our model, it remains to be shown that the particles can acquire their masses through the interaction of spinons with gauge fields. In this way mass essentially arises from the relativistic kinetic energy of the bound spinons and the potential energy stored in the gauge fields.
According to QCD, the quarks are permanently confined 21,22 in the hadronic composite fermions, but therein are free asymptotically. This phenomenon only occurs in non-Abelian gauge theory, given the number of flavours (N F ) of the fermions involved is not too large as compared to the dimension (N ) of the SU(N ) representation of the gauge group, such that 11/3N > 2/3N F . Here we have two kinds of spinons, N F = 2, and for SU(2) N = 2, so that the above inequality would be readily fulfilled. The cited theory has been developed for Dirac fermions, though, and it is not clear whether we can simply transfer the argument to the spinons. If one may do so, the spinons can never be free and also would be permanently confined in the leptons, quarks and bosons, like the quarks are believed to be in the hadrons, i.e., the baryons and mesons.
The model equations (41-45) form a closed set, the physical consequences of which still need to be evaluated in detail. Note that in our model according to Table 1 the states corresponding to the electron and neutrino, as well as the upand down quark (and their antiparticles) in their left-and right-handed versions come naturally as SU(2) doublets, just like in the unified electro-weak theory of the standard model. This would emerge here as an effective-field theory, in so far as the bosons of our model as listed in Table 2 would also be bound states, and thus can be merely indirect mediators of the weak interactions, similarly to the role mesons have in QCD. The A µ (x) fields appear to be gluon like and thus should not reach out to infinity due to the nonlinear self-quenching. Like the meson mass does in the Yukawa 23 potential for the nuclear forces, it is expected that the gauge boson mass, when being calculated by means of (41-45), will determine the range of the remaining effective weak-colour-charge interaction of the bound states. Similarly to what some heuristic models 4,6 suggested previously, in our model the real short-range weak interactions would be interpreted as a manifestation of the spinon substructure of the leptons, quarks and bosons and their binding weak-colour-charge forces.
